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ABSTRACT 

Model studies were  conducted to develou the hydraulic d e s i m  of the 

$e invert  of the conduit and t o  reduce the oscillation of the f l c  
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PURPOSE 

The studies were  conducted t o  develop the hydraulic design of the 
spillway approach, the morning glory inlet, the ver t ical  bend, the 
horizontal conduit, and the stilling basin. 

CONCLUSIONS 

1. Flow in  the preliminary approach t o  the spillway inlet was  
satisfactory (Figure 14). 

2. The diameter  of the preliminary morning glory inlet s t ruc ture  
and conduit was  increased 11 .9  percent t o  accommodate the design 
flow. 

3 .  A deflector and a i r  vent were  installed on the crown side of the 
ver t ical  bend (Figure 5 )  t o  steady the flow and provide a positive 
point f rom which the flow would spring f rom the crown of the conduit. 

4. Guide vanes were  placed on ei ther  side of the tunnel crown 
between the deflector and a point 42 feet downstream f rom the P. T. 
of the bend to  reduce the flow oscillations through the conduit. 

5. P r e s s u r e s  were  near  atmospheric o r  above in  the modified inlet, 
ver t ical  bend, and conduit. 

6. A standard Type I1 stilling basin which was 10  feet longer than 
the preliminary basin was developed to eliminate the possibility 
of low p ressu res  occurring on the floor baffles. 

7. The height of the basin walls was increased 1 foot t o  contain 
the waves within the  basin. 



8. The modified stilling basin will adequately accomodate the 
design discharge with a minor amount of erosion in the downstream 
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INTRODUCTION 

San Luis Forebay Dam, a s  a part of the San Luis Unit of the West 
San Joaquin Division of the Central Valley Project, is located on 
San Luis Creek about 70 miles northwest of Fresno, California 
(Figure 1). The purpose of the unit is to  store and utilize during 
the irrigation season wintertime water which otherwise would waste 
into the Pacific Ocean. 

- 
Y .  
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The dam (Figures 2 and 3) is an earthfill structure approximately 
10,000 feet long at the crest  and about 70 feet high above the 
wasteway streambed. It will have a maximum reservoir  area of 
app~oximately 2, 000 acres  with a reservoir capacity of approxi- 
mately 57, 500 acre-feet. Its principal feature is a pumping plant 
with a normal capacity of 4,200 cfs (cubic feet per  second). 

The spillway, designed for a maximum discharge of 3,250 cfs, i s  
located in the left abutment of the dam (Figure 4). It has a morning 
glory type of inlet (Figure 5) that discharges into a vertical bend, 
whlch joins a nearly horizontal conduit whose invert at the P. T.  of 
the bend is 60 feet below the crest .  The conduit is 11 feet 9 inches 
in diameter and slopes downward on a grade of 0.02137 for a dis-  
tance of 327.98 feet to a chute. The chute curves downward and 
discharges the flow into a stilling basin (Figure 6) .  The basin floor 
is 1 2  feet lower than the invert of the conduit exit portal. The 
stilling basin discharges tce flow into an excavated trapezoidal . 
channel. 

Dimensions of the hydraulic features a r e  listed in Table 1 for both 
English and metric units. 



THE MODEL 

Scope -- 

The model (Figure  'i!J a s  originally constructed, was  a 1:21.91 
sca le  reproduction of the spillway inlet, the ver t ical  bend, the 
horizontal  conduit, and the st i l l ing basin.  A portion of the  r e s e r -  
volr  surrounding the inlet  and a shor t  length of the wasteway f rom 
the stilling basm were included in  the model. During the course  
of the model study tile inlet, ver t ical  bend, and horizontal  conduit 
were  increased in  sizz t o  meet  cer ta in  design requirements .  The 
model dimensions of these p a r t s  wer? not changed; therefore,  th is  
portion of the model study w a s  based on 1:24.52 sca le  ratio.  

Reservoi r  

The r e se rvo i r  was contained in  a 16-  by 16-foot head box (F igure  '7) 
which allowed reproduction of the  r e se rvo i r  f o r  approximately 150 feet 
t o  the  right and left  of the  inlet and approximately 350 feet ups t ream 
f rom the face of the dam. The ups t ream face of the d a m  and the ex-  
cavated approach a r e a  including the canal f rom the pumping plant w e r e  
molded of concrete m o r t a r  placed on metal  la th  which had been nailed 
over  wooden templates  shaped t o  the surface contours.  A 6-inch 
rock baffle was installed along the r e se rvo i r  s ide of the approach 
a r e a  t o  smooth the water  surface and distribute the inflow. 

The r e se rvo i r  water  surface elevation was measured by means  of 
a hook gage mounted within a well  attached to  the  s ide of the box 
and connected t o  a p i e m m e t e r  t ap  located in the floor of the canal 
t o  the  pumping plant. At  th i s  location the velocity of approach was  
negligible. 

Morning Glory Inlet 

The lnlet was  molded of concrete screeded to  sheet  meta l  templates .  
P iezometers  xvere installed in  t he  spil lway c r e s t  and consisted of 
1116-inch-inside -diameter b r a s s  tubes  soldered at  right angles 
t o  the profile shape and filed flush. 

Vert ical  Bend and Conduit 

The ver t ical  bend and conduit were  constructed of t ransparent  plas-  
t ic .  The conduit was  made f rom 5-314-inch-inside-diameter ex -  
truded pipe. This  governed the sca le  of the model. Plas t ic  piezom- 
e t e r s  having a 1116-inch inside d iameter  were  installed in  c r i t i ca l  
a r e a s .  



The investigation was concerned with flow conditions in the inlet, 
vertical bend, horizontal conduit, and stilling basin for flows up 
to and including the designed maximum discharge of 3,250 cfs 
(originally 3,600 cfs). 

Preliminary Inlet and Vertical Bend . -. , .. 
*. ~ ;>,.><;' 

Descri tion The morning glory inlet was located in an'exca- 
--+-f vated eve area  - -  near the left abutment of the dam (Figure 3). 
Its crest  was 10 feet above the surrounding level bench. An, 
excavated canal from the outlet structure of the Forebay Pomp- 
ing Plant crossed through the bench to  the left of the inlet. The 
preliminary inlet and vertical bend (Figure 8)  did not include a 
deflector, a i r  vent, or  guide vanes. It was anticipated that these 
would be required but that they should be developed by means of 
the model study. 

Flow characteristics. --The flow approached the inlet in a very 
smooth and tranquil manner for all  discharges. However, the 
flow currents approaching the inlet from the left and right opposed 
each other along a plane approximately 90" t o  the left of the spill- 
way centerline. This caused a fin of water to  form deep in the 
throat of the inlet (Figure 9A). This fin of water was larger  than 
the normal wrinkling of the water surface that formed around the 
remainder of the throat circumference. Traveling waves were 
imposed upon the wrinkled water surface when wind waves were 
simulated in the model reservoir.  

For a flow of 3,600 cfs the throat filled and a boil formed in 
the inlet (Figure 9B). The elevation of the boil fluctuated, but 
the boil did not r i se  to a height to submerge the crest .  

In the vertical bend (Figure 10) the flow currents spiraled 
slightly and thin sheets of water crossed over the crown. As 
a result, the flow oscillated from side to side in the horizontal 
conduit. The oscillating flow was more pronounced when waves 
were generated in the reservoir.  For  a flow of 3,600 cfs the 
flow through the vertical bend and horizontal conduit was un- 
steady; i. e., portions of the conduit momentarily filled and then 
became vented by air  from the inlet. The choking of the inlet 
throat hindered the normal free flow of a i r  through the inlet 
and conduit. These conditions indicated that a deflector with 
a i r  vent was needed to provide a positive point from which the 
flow would spring from the crown of the conduit, and that guide 
vanes were needed to reduce the oscillations and maintain a 
more uniform water surface in the conduit. 



Calibration. --Calibration of the preliminary design, Figure 11, 
showed that the original design flow of 3,600 c f s  was  discharged 
a t  0.37 foot above maximum reservoi r  elevation 228.00 and that 
only 3,000 cfs  would be discharged at the maximum rese rvo i r  
elevation. These r e su l t s  indicated that the c r e s t  length and the 
inlet diameter  should be increased approximately 20 percent. 
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Submergence. --The morning glory inlet submerged a t  approxi- 
mately r e se rvo i r  elevation 228. 75 with a discharge of about 
4,200 cfs.  At submergence the discharge coefficient, Figure 11, 
was  3.57 a s  compared to  3.50 at r e se rvo i r  elevation 228.00. 
After submergence the coefficient dropped rapidly to about 1 .10 
and the reservoi r  rose  abruptly t o  approximately elevation 
233. 00 before the conduit filled completely. After the conduit 
filled the flow was steady, and the discharge increased at a 
fas te r  ra te  per  unit increase  in  reservoi r  elevation. 

P res su res .  - -P res su res  (Figure 12) were  subatmospheric in 
the lower region of the c r e s t  profile and along the crown of the 
ver t ical  bend. Water manometer p res su res  on the crown of 
the vertical  bend fluctuated between approximately 15 and 20 
feet of water below atmospheric at a discharge of 3,600 cfs. 
The fluctuation was due to the unsteady flow condition previously 
described. As the flow approached a submerged condition, the 
degree of pressure  fluctuation diminished. At 4,200 cfs  the 
c re s t  became submerged and the p res su res  were steady. 

Fm a discharge of 1,800 cfs the p res su res  in  the lower region 
of the inlet and in the vertical  bend were steady and reached a 
minimum of about 5 feet of water  below atmospheric (Figure 12).  
P r e s s u r e s  on the upper portions of the inlet profile were slightly 
above atmospheric. These p res su res  indicated that the inlet 
profile was a little too flat in the upper region and curved down- 
ward a Little too rapidly in the lower region for uniform atmos-  
pheric p res su re  to  exist on the complete profile. Both Creager,  
Justin, and Hinds1 / and Wagner21 indicate that the theoretical 
profile of the c re s t  should c u r v e m o r e  steeply than the design 
profile in the upper region and l e s s  steeply in  the lower region. 
Due to the low head-to-crest radius rat io  (approximately 0. ll), 
the theoreticzl profile of the c r e s t  was not tangent to the P. C. 
of the ver t ical  bend. Therefore, it was  necessary to  devlate 

I, i / C r e a g e r ,  Justin, and Hinds, Engineering of Dams Volume I, 
E r n e r a l  Design. 1 1  

2IPaper  No. 2802 ASCE Transactions, Volume 121, 1956, page 311, - I, Morning-glory Shaft Spillways Symposium, Determination of P r e s s u r e -  . *, controlled Profiles, by William E .  Wagner, M ASCE. 



from the theoretical profile in order  to bring the design profile 
tangent at the P. C. of the vertical bend. The elevation of the 
P. C. of the vertical bend was fixed within narrow limits by the 
elevation of the near horizontal conduit and stilling basin. 

Inlet and Vertical Bend Modifications -- 

Initially, i t  was planned to raise the allowable maximum reservoir 
elevation 0.37 foot to elevation 228.37 in order to discharge the 
anticipated flow of 3,600 cfs. It was thought that only modifications 
to the vertical bend and conduit might be required to insure smooth, 

: 

steady flow through the conduit without the conduit flowing more than 
0.8 fu l l  and without the presence of severe subatmospheric pressures.  
Several schemes were tested. 

Three-, six-, and nine-inch deflectors installed at the P. C. on the 
crown side of the vertical bend were found to  be infeasible because 
they constricted the flow area and limited the discharge to l e s s  than 
3,600 cfs at reservoir elevation 228.37 (Figure 11). The 9-inch 
deflector insured steady, free-surface flow through the conduit but 
limited the maximum flow to  approximately 3,100 cfs at reservoir  
elevation 228.37. The 3- and 6 -inch deflectors, in addition to  
limiting the maximum flow, did not insure free-surface flow. 

The vertical bend was lowered 2 feet by installing a 2-foot tangent 
length of conduit between the morning glory throat and the P. C. of 
the bend. This increased the flow only a negligible amount. 

Next, a deflector was installed tangent to the crown of the vertical 
bend and ended at the P. T. where it projected downward 12 inches 
toward the center of the conduit. An a i r  vent was placed at the 
downstream end of the deflector. With this deflector the maximum 
free flow over the crest  was 3, 600 cfs at reservoir  elevation 228.37 
(Figure l i ) .  However, this deflector was not large enough to  in- 
sure steady, free-surface flow through the conduit for the maximum 
anticipated flow of 3,600 cfs and the subatmospheric pressures on 
the crown of the bend were not reduced. A 24-inch deflector at the 
P. T. of the crown of the bend caused the throat of the inlet and 
vertical bend to f i l l  and reduced the flow at maximum reservoir  . 
elevation 228.37 to  approximately 3, 350 cfs (Figure 11). The dis- 
charge was increased to 3, 400 cfs by placing a 2-foot tangent length 
of vertical conduit between the throat of the morning glory and the 
P. C. of the vertical bend (Figure 11). Since the vertical bend 
flowed full, the subatmospheric pressures that had been noted on 
the crown of the bend upstream of the deflector were reduced. How- 
ever, at about 3,200 cfs the pressures fluctuated from about 3 feet 
of water below atmospheric to about 12 feet above. For  discharges 
above 3,200 cfs, the pressures were fairly steady at about 8 feet 
of water below atmospheric. 



At this  stage of the investigation, the design flood was rerouted 
through the reservoir  and it was determined that the required max- 
imum spillway discharge could possibly be reduced to 3,210 cfs 
at reservoir  elevation 228.26. This requirement could be met 
easily with a 24-inch deflector at the P. T. of the bend but not 
with a 9-inch deflector at the P. C .  (Figure 11 ). A smaller deflec- 
to r  at the P. C. met the discharge requirements but was too small 
to  adequately deflect the flow from the crown of the conduit. 

Additional capacity and pressure tests  of the inlet were made with 
the vertical bend removed. This arrangement simulated the inlet 
discharging into a fully vented vertical bend having a diameter 
larger than the inlet throat diameter. With this arrangement, the 
discharge at the revised maximum reservoir  elevation 228.26 was 
approximately 3, 450 cfs (Figure ll), which was 240 cfs more than 
the revised requirement of 3,210 cfs and 150 cfs l e s s  than the 
originally anticipated flow of 3,600 cfs. For 3,600 cfs pressures 
on the crest  profile were above atmospheric but fluctuated consider- 
ably (Figure 12). 

This design was not considered further since extensive revisions 
to  the vertical bend and conduit would be required to develop good 
flow conditions. Instead, i t  was decided to increase the size of 
the structure to increase the capacity to  3,600 cfs at reservoir 
elevation 228.26. 

Recommended Inlet and Vertical Bend 

Descriptibn. --The diameters of the inlet, vertical bend, and 
conduit were increased 11.9 percent to  attain a discharge of 
3,600 cfs at reservoir elevation 228.26. The outside diameter 
of the inlet was increased from 54 to  60.5 feet and the conduit 
diameter from 10.5 to 11. 75 feet (Figures 4 and 5). The crest  
elevation remained the same but the P. T. of the invert of the 
vertical bend was lowered 6.4 feet to elevation 165.00, which 
changed the slope of the conduit. A 27-inch deflector was ex- 
tended vertically downward from the P. C. of tne crown of the 
vertical bend. An a i r  vent was installed below the deflector. 
Guide vanes were placed along the crown of the conduit and 
extended from the downstream corners of the deflector, through 
the vertical bend, and for a distance of 42.48 feet into the con- 
duit. The 2-foot-wide undersurfaces of the vanes were tilted 
downward 4 inches to  intercept and turn the spinning sheets of 
water downward toward the center,of.:thc conduit. Intake t o  the 
a i r  vent was through a pier located on'xhe crown side of the 
circular crest .  

(1 ' 
Rather than reconstruct the model, th:. model scale was increased 
11.9 percent from 1:21. 91 to 1:24. 52 for completion of the inlet, 



vert ical  bend, and conduit t e s t s .  However, the slope of the 
tunnel was  revised f rom 0.035 to  0.02137 since the station and 
elevation of the exit portal  was not revised i n  accordance with 
the 11 .9  percent. 

Calibration. --The discharge capacity of the revised inlet was 
3,610 cfs  a t  r e se rvo i r  elevation 228.26 (Figure  13).  At t h i s  
stage of the study, it was learned that a much l a r g e r  quantity 
of mater ia l  would be excavated f rom the r e se rvo i r  a r e a  f o r  the 
construction of San Luis  Dam than originally anticipated. This  
excavation sufficiently increased the s torage capacity of the 
r e s e r v o i r  to  reduce the required design discharge to  3,250 cfs  
a t  r e se rvo i r  elevation 228. 00. Calibration of the model spill- 
way showed the capacity t o  slightly exceed th i s  requirement 
(Figure  13). The discharge coefficient in the  equation Q =- C L H ~ / ~  
was  approximately 3.45 at 3,250 cfs  (Figure  13). 
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Flow character is t ics .  --Flow conditions in  the  approach a r e a  and 
i n  the  spillway inlet were  excellent. However, flow cu r ren t s  
approaching the inlet merged along a plane approximately 90" t o  
the  left  of the spillway centerline and caused a fin of water  t o  
fo rm deep in  the  throat  of the morning glory inlet (F igures  14  
and 15). The fin was  in  addition t o  the normal wrinkling of the 
water  surface.  

The throat did not choke up until the discharge exceeded 3,250 c f s  
(F igures  13, 14, and 15). Even with 2-foot wind waves imposed 
upon the r e se rvo i r  water  surface,  the throat  of the inlet did not 
choke up at a discharge of 3,250 cfs  (Figure  15). 

Flow in  the ver t ical  bend and conduit (F igures  1 6  and 17) was 
steady. The a i r  demand through the vent was  not excessive 
since the a i r  vent could be closed without affecting the steady 
flow condition. The crown of the ver t ical  bend and horizcntal  
conduit was  f r ee  f rom oscillating flow and spinning sheets of 
water  a t  a l l  discharges.  However, 2-foot-high wind waves on 
the r e se rvo i r  water  surface caused some  spinning of the flow 
and some oscillation of the water  surface through the conduit. 
These  oscillations were  damped out by the two 2-foot-wide guide 
vanes (F igures  4 and 5) along the crown of the  conduit downstream 
f rom the face of the deflector. 

P r e s s u r e s .  - -P re s su re s  i n  the  inlet and conduit (F igures  18 and 
19)  were  satisfactory. No severe  subatmospheric p r e s s u r e s  were  
detected. P r e s s u r e s  on the guide vanes were  not measured since 
a s imi l a r  installation in  the ver t ical  bend of the San Luis  Dam 
spillway showed no Gevere s ~ b a t m o ' s ~ h e r i c  p r e s s u r e s  t o  exist .  3.1 

3lBureau of Reclamation, Hydraulic Branch Report No. Hyd-515 
'IT Hydraulic Model Studies of San Luis  Dam Spillway, Central Valley 
Project ,  California, " by G. L. Beichley. 



Flow c'opths. --Flow depths were  measured in the conduit for  com-  
parisori with p re s su res .  The p r e s s u r e s  along the  invert  of the 
horizontal conduit were  a l i t t le g r e a t e r  than indicated by the flow 
depths (Figure 19). 

Stilling Basin Tes t  Procedures  

The 1:21.91 scale model was  used t o  develop the st i l l ing basin. F o r  
most tes ts ,  a 12-inch (prototype) deflector was  installed at  the be- 
ginning of the ver t ica l  bend t o  control the  flow through the inlet, and 
r a i s e  the r e se rvo i r  enough t o  increase  the velocity, V1, a t  the chute 
blocks f rom approximately 52 t o  60 feet pe r  second. F o r  th i s  condition 
the entrance depth, D l ,  was  2 .4  feet  and the Froude number was  6.82.  
This  additional head compensated fo r  model conduit roughness which 
offered more  frictional res i s tance  t o  ?he flow than designed for  in the 
prototype. 

The model roughness coefficient, n, i n  the Manning's equation, is 
estimated to  be between 0.008 and 0.009, which r ep resen t s  a pro-  
totype coefficient of between 0.013 and 0. 015. To be on the side of 
safety, the stilling basin is designed t o  maintain a hydraulic jump 
for  an entrance velocity based on a prototype roughness coefficient 
of 0. 008. This  would produce a velocity of approximately 65 feet  p e r  
second a t  the chute blocks. However, the actual prototype roughness 
coefficient is more  l ikely t o  be c loser  t o  0.013, which would produce 
a velocity of ahout 57 feet  p e r  second. 

F o r  a few t e s t s ,  the deflector s ize  was increased sufficiently t o  
r a i s e  the r e se rvo i r  water  surface t o  the  top of the model head box, 
which increased the average velocity t o  63.7 feet  p e r  second. F o r  
th i s  condition, D l  was  2.26 feet and the Froudz number was  7.48. 
Some of the t e s t s  i n  the  prel iminary basin were  made without choking 
the inlet in which case  V1 was  52 feet  p e r  second, Dl was  2.78 feet, 
and F was  5.5; other t e s t s  were  made by choking the inlet  with a 
9-inch deflector in which case  V1 was  57.8 feet p e r  second. D l  was  
2 . 5  feet, and F was  6.44 feet. 

Prel iminary Transit ion and Stilling Basin 

Description. --The prel iminary basin (Figure 8 )  contained floor 
baffles and a solid end d l .  The floor baffles were  at a d i s t a x e  
of 0 .8  D2 (18 feet)  downstream f rom the chute hlocks. The 
anticipated tailwater for  the design flow was  est imated t o  be  
between elevations 168. 00 and 170.00. 

Flow character is t ics .  --At the exit  portal  flow conditions were  
satisfactory in both the conduit t ransi t ion section and the chute 

, t ra jectory.  The flow distribution a c r o s s  the width of the chute 
t ra jec tory  at  the  entrance t o  the stilling basin was  a l so  very  good. 



The stilling bas in  dissipated the energy ve ry  well, even a t  an 
entrance velocity of 63.7 feet  pe r  second and minimum tailwater 
elevation 168.00 (Figure 20). The tailwater could be lowered 
5 . 5  feet  to elevation 162.5 before the chute blocks were  uncovered 
and even then the  hydraulic jump was  effective. The water  surface 
i n  the downstream portion of the basin was  relatively smooth. 

Erosion. --Channel erosion downstream f rom the basin was  minor  
-20). At the two downstream c o r n e r s  of the basin the sand 
bed in the  model wa% eroded f r o m  end sill elevation 148.25 to  
elevations 146 and 145, It was  anticipsted that the 3-foot r i p rap  
called for  in the specificarions would provide ample protection t o  
the s t ructure .  

P r e s s u r e s .  - - P r e s s u r e s  in the transition, chute trajectory,  and 
stilling bas in  w e r e  satisfactory fo r  an entrance velocity, V1, of 
52 feet p e r  second with tailwater elevation 168.00 (Figure 21). 
F o r  this  tailwater elevation, the baffle block p res su res  fluctuated 
t o  a s  much a s  5 feet  of water  below atmospheric.  As  the ta i l -  
water  was lowered to  elevation 164.00, the p re s su res  on the 
baffles were  progressively reduced t o  a minimum of 22 feet  below 
atmospheric a t  piezometer 75 (Figure 21). 

P r e s s u r e s  for  the higher tes t  velocities were not recorded; how- 
ever ,  increasing the entrance velocity lowered the p r e s s u r e s  on 
both chute blocks and floor baffles. Therefore,  i t  seemed des i rab le  
t o  develop a basin without use  of the baffle blocks i f  economically 
feasible. 

First Modification t o  the Stilling Basin 

Flow character is t ics .  --With the  baffle blocks removed, the basin 
appeared to  be sufficiently long and deep to  contain the hydraulic 
jump for  the anticipated maximum flow of 3,600 c f s  discharging 
at  a velocity of 57.8 feet p e r  second (Figure 22). However, surges  
within the jump were  quite l a rge  and extended beyond the end of 
the basin. 

Average water  s l r f a c e s  profiles for the design flow entering the 
basin at  52 feet p e r  second with the tailwater at  elevations 170.00 
and 168.00 a r e  shown in  Figure 23. The tailwater could be  lowered 
to  elevation 164.00 before the chute blocks were  completely exposed 
and t o  elevation 162.50 before the jump was  on the verge of sweeping 
out of the basin.  

Erosion. - -Erosion was  minor but slightly g rea t e r  than in  the p re -  
l iminary design. Compare F igu res  20 and 22. 



Description. --The recommended changes in  the  conduit d iameter  
and slope resulted in a longer  por ta l  transition, f la t te r  chute 
t ra jec tory  f rom the conduit por ta l  to  the basin  floor, and a slight 
dec rease  in  the angle of f l a r e  of the chute t ra jec tory  walls. In 
addition, the design flow ta i lwater  was  increased f rom elevation 
168.00 to elevation 170. 00, and the st i l l ing basin floor was  ra i sed  
1.5  feet t o  elevation 146.50. The length of the basin was  not 
changed. 

The changes in  conduit transit ion and chute t r a j ec to ry  were  not 
made in  the model since no hydraulic problems in  e i ther  could b e  
anticipated based on the prel iminary design tests. To  re f lec t  the 
change in basin floor elevation without physically modifying the 
basin i n  the model, the channel bed and the  ta i lwater  were  lowered 
1.5  feet. 

Flow charac te r i s t ics .  - -For  the design flow of 3, 600 c f s  with an 
average entrance velocity of 52 feet p e r  second, the modified basin  
performed quite well. The w a t e r  surface in  the basin  a t  ta i lwater  
elevation 170.00 w a s  approximately the s a m e  a s  shown for  ta i l -  
water  elevation 168.00 i n  the f i r s t  modification (Figure  23). 

When the entrance velocity w a s  increased t o  63.7 feet  p e r  second, 
the hydraulic jump moved downstream and created a rough water  
surface downstream f r o m  the basin (Figure  24). The toe of the 
jump was 20 feet ups t ream f rom the downstream end of chute 
blocks with ta i lwater  elevation 170.00, and 5 feet  ups t ream with 
tai lwater elevation 168.00. At ta i lwater  elevation 166.00 the jump 
was  practically swept out of the basin with the t oe  of the jump n e a r  
the end sill. By reducing the velocity t o  60 feet  p e r  second and 
maintaining ta i lwater  elevation 166.00, the toe of the jump moved 
ups t ream to  within about 25 feet of the chute blocks; however, the 
jump was  s t i l l  considered t o  be near ly  swept out. 

Erosion.  --The channel bed was eroded at  t he  downstream co rne r s  
of the basin (Figure  24) about the same a s  observed with the previous . basins .  However, the eddies washed in  much m o r e  of the channel 
banks and deposited a l a r g e r  mound of mater ia l  in the cen te r  of 
the channel. 

P r e s s u r e s .  - - P r e s s u r e s  in  the modified basin  were  sat isfactory 
with an entrance velocity of 60 feet p e r  second for  design flow 
3,600 c f s  a t  ta i lwater  elevation 170. 00 (F igures  25 and 26). The 
lowest wa te r  manometer  p r e s s u r e  was a t  Piezometer  67 on the 
side of the chute block, and fluctuated to 6 feet below atmospheric 
at ta i lwater  elevation 170.00. F o r  th i s  t es t  condition, p r e s s u r e  
t r ansduce r s  indicated an  average minimum instantaneous p r e s s u r e  
of 1 5  feet of water  below atmospheric and an  average mean p r e s s u r e  



of 3 feet  of wa te r  above atmospheric.  By lowering the  ta i lwa-er  
below elevation 170. 00 o r  increas ing  the m t r a n c e  velocity, still 
lower  subatmospheric p r e s s u r e s  were  observed (F igu res  26 and 
27). Increasing the entrance velocity t o  63.7 f e ~ l  p e r  secdnd 
lowered the minimum water  manometer  p r e s s u r e  t o  1 3  feet  of 
water  below atmospheric  for  ta i lwater  elevation 170.00 (F igure  27). 

P r e s s u r e  t ransducc rs were  attached to the p iezometers  in the tu o 
mos t  c r i t i ca l  press i l re  a r e a s  on the chute blocks and t o  somc of 
the wall p iezometers  t o  m t a s u r e  dynamic p r e s s u r e  fluctuations. 
These  p re s su re s ,  shown i n  tabular  f o r m  i n  F igu res  25 and 2 t ,  
were  measured to determine the sever i ty  of the instantaneous 
subatmospheric p r e s s u r e s  i n  these  a r e a s  and t o  aid in  the design 
of the basin walls. It w a s  decided to  s t reaml ine  the chute b16cks 
a s  a precaut ionary measu re .  

Recommended Stilling Basin 

Description. --The recommended basin (F igure  6 )  was  80 feet  long 
with its floor at elevation 146.00 and i t s  t ra ining wal ls  extended t o  
elevation 116.00. Th i s  basin w a s  1 0  feet  longer  and one-half foot 
deeper  than the second modified basin and the wal ls  were  1 foot 
higher.  T o  follow established design prac t ices  f o r  a Type I1 basin, 
the solid end sill of the  pre l iminary  bas in  was  replaced with a 
dentated end sill. The top edges of the chute blocks were  s t r e a m -  
lined with a 10-inch radius.  The design flow was  reduced to  
3,250 c f s  and the design ta i lwater  w a s  established at  elevation 
169.5 p r i o r  to installation of thir- basin .  

Flow charac te r i s t ics .  --The basin  performance w a s  excell€:pt a t  
a l l  flows up t o  and including the  maximum discharge of 3,250 c f s  
with the entrance velocity a t  63.7 feet p e r  second and ta i lwater  
elevation 169 .5  (F igure  28). Most of the  surface turbulence 
c rea ted  by the hydraulic jump occurred within the basin  r a t h e r  
than in  the downstream channel, which was  the reason  for  extending 
the basin  wal l s  to  elevation 176. 00. The dentated end sill aided 
slightly in  smoothing the wa te r  surface beyond the end of the basin. 

The chute blocks were  uncovered when the ta i lwater  was lowered 
to  elevation 167.00, and the hydraulic jump w a s  on the verge  of 
sweeping out of the basin  when the ta i lwater  was  lowered t o  
elevation 166. 00. 

The performatics of this  basin  w a s  an improvement  over  that of 
the second modified basin  and was  believed t o  provide sufficient 
safety factor  against sweepout. The safety factor  and the p e r -  
formance were  improved fur ther  when the entrance velocity w a s  
reduced to  that  computed f o r  a conduit roughness coefficient of 
n = 0. 013. 



Erosion. --Erosion of the channel was about the same a s  in the 
preceding designs. At the downstream corners of the model basin 
the sand channel was eroded from elevation 31 46 to  elevation 3145.5. 

I 
It was anticipated that 3-foot r iprap called for in the specifications 
would provide ample protection to the structure. I 
Pressures .  --Pressures in the recommended basin were not meas- 
ured since the pressures can be assumed to  be slightly higher than 
those observed in the second modification due to the 0.5-foot lower 
floor elevation (Figure 25). Pressures  along the sides of the chute 

I 
blocks (Figures 26-and 27)  for the second m&ified basin will be 
increased bv the streamlinine of the chute blocks in the recommended " - 
basin. 



Table 1 

DIMENSIONS O F  HYDRAULIC FEATURES 

Feature  

Height of dam 
Length of dam at c r e s t  
Reservoir  a r e a  
Reservoir  capacity 
Spillway design capacity 

Head on c r e s t  a t  design 
capacity 

Morning glory inlet 
diameter  

Vert ical  bend center- 
l ine radius  

Spillway conduit 
diameter  

Drop f rom c r e s t  t o  
conduit invert  

Conduit length 
Basin length (portal 

t o  end sill) 
Drop f rom c r e s t  t o  

basin floor 

English I Metric 
units units 

70 feet j21.34 m e t e r s  
10, 000 feet 3, 048 m e t e r s  
2,000 a c r e s  8.09 square ki lometers  
57,500 acre-feet 7.09 x 107 cubic m e t e r s  
3,250 c f s  192.03 cubic m e t e r s  p e r  

3 feet  1 0  .'9"1""::ter s 

60. 5 feet 18.44 m e t e r s  

16.79 feet  5.12 m e t e r s  

11.75 feet 13.58 m e t e r s  

60 feet 118.29 m e t e r s  

327.98 feet 99.97 m e t e r s  
160 feet  48.77 m e t e r s  

79 feet 24. 08 m e t e r s  , 



FIGURE I 
REPORT HYD-51 













FIGURE 7 
IIEPOI1T H I D  5 





F i g u r e  9 
Report  Hyd-517 

A. 1,800 cfs  

B. 3, 600 c f s  

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW IN THE PRELIMINARY INLET 

1 :21.91 Scale Model 



Figure 10 
Repor t  Hyd -5 17 

A. 1, 800 cfs 

B. 3,600 cfs 

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW IN THE PRELIMINARY VERTICAL BEND 

1 :21.91 Scale Model 



EXPLANATION P - CLH~I 

Prel#rn,n~ry desiqn ullh bend uentsd. Where: 

--(t- Prellmmory derlqn with no r t m n p .  o - Dischorqe in r f r  
. . . . . . . . . . . . . . . , . . . . , . . . ,-inch deflector m d  vsnl o f  t ~ o f  bend. L - Crest i e n q f h  - 165.50 feet 
----------- 6-8nch def le t for  and renf ill P C  o f  belid c - Cosfflcisnt of  Dirchorqa 

P - m h  deflector and wen! a l  P C O ~  bend. N - ~ e o d  on c r e s t  in f e e t  

----- $ ? - i n c h  def ler for  ond rent o f  P r o f  bend 
21-8nch d e f ~ e c t o ~  ond rcnf 01 p r o f  bend. 

-. .- ~ + - i n c h  d e i l e ~ t 0 1  ond vent 01 P.T. of  bend ~ ~ m a  lowered 2 feet) 
-.-----'conduit detorhed of threa l  of inlet.  

S A N  L U I S  F O R E B A Y  DAM S P I L L W A Y  

D I S C H A R G E  A N D  C O E F F I C I E N T  C U R V E S  

1 2 1 . 9 1  SCALE YODEL 







F i g u r e  14  
Report Hyd-517 

A. 3,250 c f s  with wind-generated waves.  . 3; 250 c f s  

C!. 2, 500 c f s  

E. 800 cfs 

D. 1,500 c f s  

F. 3,600 c f s  

SAN LUIS F O R E Z A Y  DAM SPILLWAY 
F L O W  IN TRE RECOMMENDED INLET A P P R O A C H  A R E A  

1:24.52 Scale  Model 



Figwe 15 
Report Hyd -5 17 

A. 3 , 2 5 0  cfs 
, 

B. 3 , 2 5 0  cfs with w a v e s .  

C. 800 cfs D. 8 0 0  cfs with w a v e s .  

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW IN THE RECOMMENDED INLET 

1:24 .52  Scale Model 



F i g u r e  1 6  
Repor t  Hyd-517 

A. 3, 250 c f s  

B. 3, 250 c f s  

with r e s e r v o i r  waves. 

C. 1 ,500  c f s  

D. 1, 500 cfs 
with r e s e r v o i r  waves .  

SAPJ LUIS FOREBAY DAM SPILLWAY 
FLOW IN T H E  RECOMMENDED VERTICAL BEND 

1 :24. 52 Sca le  Model 



Figure 17 
Report Hyd-517 

A. 3,250 c f s  

B. 3 , 2 5 0 c f s  
with r e s e r v o i r  waves .  

' . 
C. 1 , 5 0 0  c f s  

D. 1, 500 c f s  
'with r e s e r v o i r  waves .  

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW IN THE RECOMMENDED CONDUIT 

1 :24.52 Scale  Model 







F i g u r e  20 
Report  Hyd-517 

A. 3,600 cfs  T. W. Elev. 168.00 

B. Eros ion  a f t e r  2 hours  of model  operat ion 
at 3, 600 cfs. 

Note: V1 = 63.7 fps  and Dl = 2.26 fee t  

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW AND EROSION IN THE PRELIMINARY &ASIN 

1:21.91 Scale  Model 



STA. 4 + 2 1 . 2 8  

STA. 5 + 0 4 . 2 9  

STA. 5 f 3 4 . 1 9  

EXPLANATION 
SYMBOL DISCHARGE TW. E l  -- - - - - - 3 6 0 0  1 6 8 0  - 3 6 0 0  170.0 

3 6 0 0  166.0 
3 6 0 0  161.0 

0 , -  2 7 8 ' a t  Bolm w d t h  25' 
v, - 52Zsec. 

STA. 4+29 .29  STA. 4 + 3 7 . 3 0  

STA. 5 t 14.29 5TA. 5 +  19-29 

STA. 4 + 9 4 . 2 9  

STA. 5 t 2 4 . 2 9  
Elevot~onr t y p l c o l  for 
D l e m m e t e r r  7 7  fhru 85 

STA. 5+54.  I 9  ST , , . t74.19 STA. 5 + 8 4 . 1 9  

E SECTION 

DETAIL I 
CHUTE BLOCK ...... ................ ............... ....... 

o t  Pier .  @ ond @ f a r  
NuktS 

vmeur T. W, Elsvot ionr .  10 o 10 20 30 40 ID @ Derlgnater  pie?ornetar locatton. 
I (See E r p l o n a t i a n o n d  Notes) oTum ! lpsE: E l s v o t m  af p t c r  o~en ingr  IS 

otmorpheric prerrure datum. 
DETAIL Z 10 r 10 

I 
B A F F L E S  PRESSURE I C l L E  IN FEFT EF W A T E R  

.... 

S A N  L U I S  F O R E B A Y  D A M  SP ILLWAY 
P R E S S U R E S  I N  T H E  P R E L I M I N A R Y  T R A N S I T I O N  S E C T I O N  

A N D  S T I L L I N G  B A S I N  

1 2 1 . 9 1  S C A L E  M O D E L  



F i g u r e  22 
Repor t  Hyd -5 1 7  

A. 3,600 c f s  T. W. Elev.  170.00 B. 3, 600 c f s  T . W .  E lev .  
170.00 

C. Before  e ros ion  test. D. E r o s i o n  a f t e r  2 h o u r s  of 
model  operat ion at 3, 600 
c fs .  

Note: V1 = 57.8 fps  and Dl = 2.5 fee t  

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW AND EROSION IN THE FIRST MODIFIED BASIN 

1:21. 91 Scale  Model 



F I G U R E  23 
REPORT H Y D - 5 1 7  



F i g u r e  24 
Report  Hyd-517 

A. 3,600 c f s  T. W. Elev. 170.00 

B. Eros ion  a f t e r  2 hour s  of model  operat ion at 
3, 600 cfs. 

Note: V1 = 63.7 fps  and Dl = 2.26 feet  

SAN LUIS FOREBAY DAM SPILLWAY 
FLOW P-ND KROSION IN THE SECOND MODIFIED BASIN 

1:2 1. 91 Scale Model 



FIGURE 2 5  
R E P O R T  "10.111 

STA. 4 C 2 1 . 2 8  

STA. 5 + 0 4 . 2 9  

STA. 5 t 34 .19  

IN FEET OF W A T E R  

STA. 41 .29 .29  STA. 4 C 3 7 . 3 0  STA. 4 + 9 4 . 2 9  

STA. 5 +  19.29 
STA. 5 + 2 4 . 2 9  

Elevotlon5 typ!col for 
p w r o m e t e r r  7 7  thrv 85 

STA. 5 + 5 4 . 1 9  STA. 5 + 7 4 . 1 9  STA. 5 + 8 4 . 1 9  

EXPLANATION 
------ Wotw Monometer prrrrvre grodientr 

for 3 6 0 0 c f e  ot tallmfer eleuotlon 

t 
1 7 0 0 0  in the modified basin ond 
far 3600 c f r .  ot tmlroter eievotlon 
169.50 in the recommended borin 

Water Mpnomtler prerrvre grodlents in 
prelminory fron$#st~on m d  chute for  
3600 cfr al toilw~ter elewtion 3170. 

S A N  L U I S  FOREBAY D A M  S P I L L W A Y  
PRESSURES I N  P R E L I M I N A R Y  T R A N S I S T I O N  AND CHUTE, 

SECOND M O D I F I E D  BAS1 N,  AND RECOMMEi;>ED B A S I N  
1.21.91 S O I \ L L  MOOEL 



WATER MANOMETER PRESSURE DIAGRAM 
'd*,&g 

10 20 10 0 
/ . * , I ( , ' ' ~  I 

WlTER MANOMETER PRESSURES IN FEET OF WATER 

E X P L A N A T I O N  
A l l  f lows = 3600 c.f.5- 

- T o i l w ~ t s r  El. 172.00 ------ Toilwoter E I. 170.00 
~ ~ i l ~ o t e r  EI. 168.00 
Td lwoter  E 1. 166.00 

N O T E S .  
@ o e s i g , y t e ~  p iemmeter  locotion. Elavotion 

of ptezometsr openings is otrnospheric 
pressUre datum. @ is on the busin floor. 
~ n t r a n c e  velocity o t  chute blocks V, ond 
depth 0, equal 6 0  feet pe r  second and 
2.4 fee t  respectiwely. See Figure 25 for  
other basin pressures. 

*DYNAMIC PRESSURES 
I N  F E E T  OF WATER 

*pressures obtoined by 
transducers. 

4 

S A ~  L U I S  F O R E B A Y  D A M  S P I L L W A Y  
C H U T E  BLOCK PRESSURES IN T H E  SECOND MODIFIED B A S I N  

i : 2 1 . 9 1  S C A L E  MODEL 



F I G U R E  27 
R E P O R T  H Y D - 5 1 7  

& .-.----.---.-- 7.65'-..--.--------- ---A 

Discharge 0 = 3 6 0 0  c.f.s. 
V e l o c i t y  vI computed a t  

chute b l o c k s  f o r  basin 
w ~ d t h  o f  2 5  f e e t .  

B a s m  A p r o n  o t  El. 146.50  
T a i l w a t e r  a t  El. l 7 C . 0 0  

CHUTE BLOCK P I E Z O M E T E R  LOCATIONS 

- 
55 6 0  6 5  

VELOCITY  VI IN  FT. /SEC. 

5 0  55  6 0 65 

VELOCITY  VI I N  FT /SEC.  

SAN LUIS F O R E B A Y  DAM SPILLWAY 
CHUTE B L O C K  P R E S S U R E S  VS. E N T R A N C E  V E L O C I T Y  

I N  SECOND MODIF IED B A S I N  
l:21.91 SCALE MODEL 



Figure  28 
Report  Hyd - 5 17 

A. 3,250 cfs T. W. Elev. 169. 5 B. 3,250 cfs  T. W. Elev. 169.50 

Note: V1 = 63.7 fps and Dl = 2 .26  feet  

C. 900 cfs  T. W. Elev. 165.25 D. E r ~ s i o n  af te r  2 hour s  of model  operation at 
3,250 cfs. 

SAN LZIS FOREBAY DAM SPILLWAY 
FLOW AND EROSION IN THE RECOMMENDED BASIN 

1:21. 9 i  Scale Model 
G P O  847-530 



7-1110 
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-0% F'ACT(I;S--BRITISR TO m C  L W I E  OF 

me f ~ l l a i n g  -version factms ldopted by the Bureav of Reclamarion a r e  those pvbliahed B the Bmerican Soeiety for 
Te~t ing  rod Mter in l .  (ISRL W r i c  Ract ice  Guide, Jamury 1964) erccpt *ult additionsl factam (r) used i n  
the meau have be- added. 'emthz:. diecushi~n of d e m t i s m s  of quantities and unite i n  glvm on pgce  1C-U of +.he 
m.: writ Ractice Guide. 

me metric u t a  ana conver~im factors adopted by the mf - baaed on the "Int-tional System of enits" (designated 
Si for wet- Int-tiDnal d 'mites) ,  f i led by the  Intcnaticmal M t t e e  fm 'Ueighta rod K-urea; thin aystem i e  
nl.0 as tM Gi- m LMYi (meter-nl- (mes)-eecmd-) rprs ta i .  m e  werem has been sdopted B the 
~ z t e r n e t i a  g a n i v l t i o n  f o r  s t s r d a d i z a t i m  in ISO R e c e t i o n  A-31. 

Thc mnric technical unit of farce i s  the i5l-f-e; this is t h e  fmoe which, rm applied t o  a W having s 
mas of 1 kg, givee It an acceleration of 9.80665 d a e d s s ,  the staodard acceleratim of b e  f a l l  t a a r d  the earth's 
center for sea level a t  45 deg latitude. Thc mnric unit of force in S l  d t s  i s  the nerton (N), rhtch i s  defined as 
that fmoe .hias when applied t o  a b* hav%ng a me. of 1 kg, gives it an acceleration of 1 d s e d s e s .  These units 
must be disrtinwiBhed f im the (inconstant) loes l  reiw 0s s W hwiog e m=s of 1 )g; that  i s ,  the rei* of a 
bcdy i s  thst f m e  with which a b* is attracted t o  the esrth and is equal t o  the mass of a W wlt ip l ied  B the 
aocelerstion due to p v i w .  m c v e r ,  beseuse it is genem practice to uee '"pmd" nther than the technically 
correct t e n  fa  farce," the t- '5mogram" (or  derived mass unit)  ha. heen "Bed in t h i s  p i d e  instead of "!d.l~grane 
force'' i n  expresnw the Earneraion rectors for  forses. Tbe nertmr unit of force rill find in-eing use, and is 
e e s m t i a  i n  51 units. 

mblc 1 - 
wITm Am mrm OF spnn 

LhlltlPl3 BY To 0- 

M i l .  . . . . . . . . . . . .  25.4 ( u a c t 4 ) .  . . . . . . .  M e w  
m h e s  . . . . . . . . . . .  25.4 (exactly). . . . . . . .  LLlllincters . . . . . .  . . . . . . . . . . .  2.54(uact ly)* Centinrtera 
Pet . . . . . . . . . . . .  30.48 ( a a c t i y )  . . . . . . .  Cmt-tera . . . . . . . . . . . .  0.3048 ( u a c t l y h  . . . . .  mters  . . . . . . . . . . . .  o.Dm3W (exactly)* . . . .  Ktl-ters 
Yade. . . . . . . . . . . .  0.9U.4 (sxsctw) . . . . . .  w t e r s  : 
m l e s  ( s ~ a t u t e )  . . . . . .  1,609.3Lh (exactly)* . . . . . .  mters  

1.609344 ( c u c t 4 )  Xil-tcre . . . . . .  . . . . .  
*RU 

Square incbe.. . . . . . . .  6.4516 (exactly) . . . . . .  square omfirnetere 
51- Pset. . . . . . . . .  929.03 (sxsct4)*. . . . . . .  Square oentinrters . . . . . . . . .  0.092903 (exactly) . . . . .  Square =tern 
S q w  m a  . . . . . . . .  0.836117 . . . . . . . . . .  Square s t e r e  
Acres. . . . . . . . . . . .  0.40Lb9: . . . . . . . . . .  Hestares 

. . . . . . . . . . . .  4,046.9" . . . . . . . . . . .  .sq- nrtera . . . . . . . . . . . .  0 . W ~  . . . . . . . . .  Sq- ki1-tcr. 
Sq- ndles . . . . . . . .  2.56933. . . . . . . . . . .  squrre 3x1-ters 

W L W  

CAFACiTf 

n a a  ormee* (73,s.) . . .  29.573'7. . . . . . . . . . .  mblc cmtinrtcre 
. . .  29.5729. . . . . . . . . . .  Ibt l l i l i tem . . . . . . . . .  . . .  LiqYid mate (U.S.) 0.473179. Cubic dsclmters . . .  0.473166. . . . . . . . . .  Liters 

Bvru (U.S.). . . . . . .  9,463.58. . . . . . . . . . . .  Cubic ceritheters . . . . . . .  0.946358. . . . . . . . . .  L i t e n  . . . . . .  . . . . . . . . . . .  call- ( u s . )  3,785.4T Cubic centimeters . . . . . .  3.78543 . . . . . . . . . .  Cubic dacincters . . . . . .  3.76533 . . . . . . . . . .  Liters . . . . . . . .  . . . . . .  0.M37854T h l b i c  e t c r s  . . . . . . . . . .  aellrme (u.K.) . . . . . .  4.54609 mbic dsirmters  . . . . . .  L.54596 . . . . . . . . . .  liters 
Cvbic feet . . . . . . . .  28.3lbo. . . . . . . . . . .  Litcm . . . . . . . . . . .  Cubic m a  . . . . . . .  764.5% Liters 
Acre-feet. . . . . . . . .  1.233.5r . . . . . . . . . . . .  h l b i o  m k r s  

Cubic inehea . . . . . . . .  16.3871. . . . . . . . . . .  Cubic centiaeters 
Cubic feet . . . . . . . . .  o.msn68 . . . . . . . . .  mMo meters . . . . . . . . .  Cubic p d s .  . . . . . . . .  0.7&,555. Cubic meters 
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